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T.mnu. 1. I?~spre li,,..' i,, IIsitowes of ?7 rids in- with tripli'-(istilled waiter, and. tile pH of tile~
jrril with I nd (of rris4eh, fohro., torins by, medium was adjusotedl to) 6.9 with I -i h12S4) or

toright of ral 1 N NaOll as 11eeded4. A 410-nif amunt Of thi?
Wriht(X o rt reparait ion was iliseisdi intoo ai :-liter Ferninach

-- -_____ loihU E~tratflask; 2 nil of charetial suspensio;n wern' added, antl
2M. isa the preparat ion wais aiiteiclaveil for 20 mini at

----------------- 15 psi.
'P.9lir 1) Inoculation priorcblur. .A 5-nil afunoat of 20Y%

1781 W4 glucos*e (sterilized It% tilt rat ion) was adlded to) thle
I)81) 88 Fernnit flask efoPittainitig 414) nil oftsterilized basal
'141 7'0lil medliumn. Each flask of final mitit wits iiiiwiltted
1Ah W8IN with 2 X 10' Sterne strain spiori-4. The inoc'ulatedI
2 . -- 114 101 - flaskts were incubatled stat ictally foor 23 top 27 hir at

2409 -46 78 37 C; 4 hir after ioculation 55 ml of fY PNaIIC03
m8 if 2 82 we're added to each flask.
87 71 86 This final culture was orentrifuxed ait 3A80W

X g for .30 itoin. The supernatant fluid wat de.-
845'78 M24 cantedl, anmd 10' hiorse scruni was -oded. Tile

solution was then sterilized byv filt rat ion thlrough
!1,2.0i M419 11 90. 7 an ult refine glass filter.

a ____________________________________________ A preliminiary test, tot determine the potency of
Totals. each of 14 toxic filt rates, was done by injecting

t llaninite means. ]-mil samples of each filtrate intravenousil into
two ratso. The resprnse (death) timers of the rats

TABLEI 2. .l tilyijt'it'f varon',- of reirma were ceinsiald In indications of the toxicity~ of
it spOimmE linti- rucoide4 in, Ta.ble I each hatch. The total volume per batch and the

responsie times of the test rats are given in Table 3.
8um '1 ~Ian F The 14 toxie filtrates were combined, and a

9'uptes asjUuft second preliminary test was conducted on the
- -- - --- --- --- pfooledl material. The twot rats; used in this test

Between weights.... 2 .111M .17242 1.30' (lied in 104 and 117 mini, with a mnean response
Withini weights .. ' 24 .3851) .01611 time oif 110.5 min ith respajnse times are within
Total .. .......... 26 .4:344 one standard deviation of the mean of all batches.

- The pooled toxins were dispensed! into 600D)egrees of freedon. drying ampoitiles (40 nil), each caintaining 10 ml of
t Not significant.

TABLE 3. Vlume per bitrh andi responsle time of'
andi 1) were preparedl. All stocrk solutioins rally he rain challenged trith toinis by batch

-- stored ait 4 C fo~r indefinite petriafals of t ime. Aidu-
-,tiom A cvontainedf CaCI!-2114). 0.3618 5/500 ml ofRepneia(m)

water; HI cntained .MlgSO,-711A), 0.410 g/51J0 mil Bac Tol rhn
of water; C conitainedNMn4YHA1, 0.04.3 it/5 Rat A Rat 3 u
ml of waiter; 1) contalinedl ada1nitelf- 11ate, 0.106 g, --

and uraril, 0.070 g tboth solids were dissoved in o
10D ml of water, anda the toptttl viiltimfl was mai*de 1 450 97 92 94. b
up to) SM ni). -2 450 07 91 99.0

iMoutifon E containted thiamine HI-I, 0.025 gI/eD 3 . 450 9 4 19.
ml of water; F~ containedl try-ptopphan, 2.1100 g; 4 40010 95 -. 96.0
cyst ine, WW60 g; and glyime, 0.750 g. The solids in 5 - o 4M"f12 124 123.0
solution F were dissolved as follows. Tryptophan it 450 114 125 119.5
was divsfilved fin 6 nil of $; -4 id. Cystiner was 7 510 liii !1) 103.0
dissolved in )(10 nil of water. 04lycine was dissolived 8 410 11 121) 120.5
in 150 nil of water. These three sorlutioins were 9 1 30 88 82 85.0
combined. anid waiter wags adldedl to bring tile tortal 10 510 9 10 94 92.0
volume up1 tot 500 nil. 11 4615 101 94 100.0

Solution 4; containeda KH10N4 . .34.0 g530 nil 12 425 - 09 92J 99.0
of water. H enitained K2111l4 14 , 43.61 g/500 nil of 13 t 425 I 1"# 121 119.0
water; I rititinedl chaircoal lNorit A), 3.75 g/500 14 1 3010 100 117 108.5
mlm of water.

A 10-mI amount of eac'h stocrk solution, except Total O 6,00 103.9t
that containing charcoal, was added tit a suitable
container; andi 3691 of Ceamrino Acids Mlifeo) 'Missed tho vein.
wcre addled. The voilume was brought up to) I liter t SD -12.14.
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toxins. Antpoule' w,re shell-frzee inl Dry Ice alld dilutlin of 1:32, asiI call Ise expressed -'cero liccg
alcohol (-79 C). F"rozei anlp)ulhs were placed to Thorne et il. (1%0J) as conttaining *2 toxi
on an Aminee l)ryer (Ann-rican Itstrunient Ce., units. Additiotal vials were reeolstitte'd to -IX

Silver Spring. Md.), and dried under vacuuni of conwcnt ratiop, anid tested n i i uiiiiiiisliflusi, i
10 to, 30 s of nercury for 18 to 24 hr. Ampnules plh1ate' ntainest the staiidard sl ,rE. anti.seruin
were sleahd under vacuum, packed in rardleard (Thorimt et al., II;0). Three individual lines of
containers, and steered at -20 C. A third prelimi- pre'cipitate appared in pmr'lllc :irretigene,,t whein
nary test was conducted at this point. One ran- tested with i linear latter. Til.t strigo'st pre-
dondy selected ampeule was reconstituted with cl)iitate title was idectified as the proathe'tive alnt i-
10 ml of triple-distilh'd water. A -nil amiount of gen (factoir 11) cemipperneit whei comllared withI :
this toxic niateritil wait as .ayed in each Of live rats. stainlard (Wall et ai., 1PH2). An uiadiluh'e .mleh
Their mecal resljitise, tine was 117.2 miii. To of the resuslitdleid niaterital hll a protet ive.
further test the toxicity, 0.2 ml of undiluted aid antigen titer of 1 :w against thi- siatidarl sp.r'
of serial twofold dilutiops of thi reconistituted antiserumi.
material was inijected intraderinully into the Reeferenc l.rius. Theme, prelinie:i ry tests oll-

shaven sides ipf a guinea pig. aned iserved for mt ituted quality .eintrol me'vasures ont tlie renmainicag
edenfatous reaction. The naterial reacted at a 517 vials of dried toxic fill rate. As a result of t |P.lse.

tests. it W'" kiluW1l that t hiese vials clitlt .. jY(. I Iv
kio)w elcei e of ,ithrax toiins.

TABLE 4. Respotfsi" times ill infl.tra of 280 FiscA r PIroe- rtrcs. Ti ttxills we're .issa e'l iiile-
rats by dope, co cculrcetion, technician., and ret IMiielitly v eael of ficur investig:etors. The

I.r* procedures followed| lIk eac-h #lf the ftir were, :is
._' " " -." " ." sinilar as pssibhle.

Coneni The rharacterization elf the deesv-r .e.' itst-
At l A 11 . R A B A 8 relat ionship of tle tIxil s ic i Fiseher ra:t4 was lrnese'e

-- .. It .. assay ill whi.h thl twes l.se fNeters of
4X 1 58 55 53 54 57 57 61 60 71 71 amoutnt and e'eence'nt rati #o ee toxints were eeh

2 53 O1 54 52 634 63 O4 3 8. 71) tested at seve-ral levels a follow.: i)i five le'vels
3 5 R2 51; 52 58 563 4 62 78 72 Eif the aniount of texiues elhsiglati-e :as v nil, 2 fill,

4 60 52448 5:1 50 12$ tW3 51t 81 8:2 1.5 fil, I fil, Ueild 0.5 nil; iii) seven' levels elf flil
I I lnilfl'it rati fln if the t lxinl il-signil t sel as 4X, 2X.

2X 1 57 57 61 Q3 591 0 72 70100 89 IX. 9.5X. t.25X, 0.l2.IX, and 9.LMI2;X. wli'ren IX
2 57 55 65 62 74 65 84 77 119 4 is dellield is fl4 it'-',itriie resulting wlhe.n I
3 M 50 5; 58 M30 77 72 78 UPt 117 aneoult, is re'eiiistituted te 10 fi l with a dhiliment
4 I67 51t 65 6 i67 S 127 S 107 83 of triple-histillel water. l)ilutioti:. lIovye'id IX

were Mie withil iille'l water llus4 It)' itornial

IX 1 53 55 70 9 191 70 N) 91 127 1t) horsee ilerini.
2 73 (W 78 72 82 81 61 100181 .199 The 7 X 5 faeti,.rial msnelhiieatiiie elf thi..t .veral
3 65 62 77 80 8 83 107 972 34XI levels efl the. twl fartfone, llus M reiet r ,l grlups,
4 - 163 S , S 100 1-2 S 161 20"2 were e':acl' tesit in twit Fisclier rats y eah'li ef

four iiviuitaters (Taldh 4). Thre. 4t l'oiitrl
0.SX 1 70 77 15.3 143 1' I34 14 1148 S S animals at' nhot i IWni ics rale 1. The first set_

_2 74 831141I1:C1 131 425281 .8 8 inehicled five pairs of rats.-tEich Jxe1r was ii e- -

3 7.5 a 113118137151 1588 214 S S lated wilth le ilf the, five iniints 4 diluiteit aloine
4 7 94 8 1S3IJ 149 8 8 4(1PS . 8 i.e., triple-ditillhel water plus 10 , lstirnal heirst'

+ P..il..) tot jupeivie ViflM0i' tlinIlat Ih.ir 4e111iliilhilc

0.25X I 111 1121717 .4 481 S .4 S ani masinf s 114ed tel hll Xill -l ePeIpjiStl 4, the
2 1i3 17#129 274 .4 S S S S .4 i#'alatite Of the dilients. Tei' s.'e l set in-
3' 103 124 8 3(X. $ - -4 .14 .$ 8 eluded sieve peirsl 4 aniinals. K'ee'h Iair in thin
4 8 118 $4 8 s s s 4 8 set was iilnesilnttel wiih 1.5 nil of elin .oieI the' severs

coicentrat ioins eei teexiis liixed with I0.5 fill 1. iiy
012. 5X 1 185 195 .8 S S S .84 8 8 yiollnse) of 8 ' eific antisrilnie '1'itrne et Al.,

2 2.5 % S S S 8 8 8 I 8 N ). The stueeV it airs, of aniniails ill the' third set
:1 473 2. .3 4 S 8 14 - 4 8 of eontrols %leri' inieuliatil with 1.5 ill eif iCti' Elf
4 S 8 8.8 8'4 S 8 the seven ceci''ctrat ielim of toxil4 liiiXe1 Withi

0.5 nil if irnil lierse se-runs. The's.'- aiiinils leri-
.01;2 X I N S S 8 S *4 8 .S vidled kmiuratice that tie eeiltred iee. 2 :aiimnels

2 . 8 S S 8 8 8 1 s that lived we're'. sived h|y the ctis.ritin s'lis'iiic
S S S S S 8 8 s 8 I 8 S against atliraxtois

4 8 8 S $ S 8 8 8 s s Each iivt-oligateer re-eiirnl "12 "11e11u ieel o (
elriel toe xinus. Eneli eef tle :1. 12 alillpilq'. w:as 1te'ilnel,

DI )pete e'xlpressed ice nilliliters. and reeenst it ited wit i 2.5 fil il eilii-ii lirr'eslhel
t Hlt A ter B. tee 4 C. Thi' etithiets el all 1-2 alilp iles we're' thln
t 8 ieli'ets survival. Itolel, proivilieg a teital oef M) nil ie ro-tecst ittiih'l
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tiixiiis :1 t n rootiventr:,ti ti IXr ix tiniem tite T'iA x I;. A1 ,ehlI/im of rarinn.er of rleiprocal~
iirig iil). All roiicenl rii le iii f tiiis w'r*nu min- rexpanse linle

diliti iI, 40) met #if fill. jsmI _IX) wo'ri'eilji. Line sum of 1 W.n

I t 1), ise f D) 4 1L.!Pro22.q8 I2237tF~urthewr st-riaiI twomtil'l dillm jul1 w'ee madgfli t, 2P 'muetrto (~31; 214
0.0'25X ( 1 10 X 4prigi I: mo lciiorat ii i) mIs 2 tidtaiiW): A
111m4'ulatohlt as jihsisite'il. 3 Techiiian 1' 2 1). 1 5A3 ).1Oro72 5.91+4

KnlliiviAtgaio rtitivi 14 at. h.seras 4 1) ) C 12 1. 71MI0. 141Y.1 11 .53t
w iere Pai-oes igatu5 r rimrtiel -1118 rf rati.Ti''. s, 5 I ) X '1' S 0. l4h810. 01W, 1.43

4;C T6 I). I1800.0197 1.5Vcairh eitiiliiigix twoo animalsm. Kiefth it( th !Wi5 treat- I 41.~~ )I. .)
"Iefit f'iiiilbiillifom liii wasi givi'li im till, twol allimas 7 ) X , 2 .1* T . !6 .0

ill toiei rage at fil hes~m'' t ime. The oirdir 4t the' 8 Edrror 1W) Of. 7S14 0. IWO)
14ittii'itiiW~ i r IIIiJil!Z~ Ifirejq 1 ieii'mtj1*)I Teetal 119*32. 1111110

Ileigiiui.'t iii'i-ti-liaI ill miliuties. were re- E rrior line 8 was usped tot test aill effects.
Poreolforvac ra an ronioinied it( baic at~. Approximate pr'mtiabilit iis <O.(Xl.

R1LSVI.Ts . Ap~rmximahtf' proliaililitie's <0.05.

.The' rveiwpn-,e timesc for animial, am r ive'nted
in Table1 4. .%lthlghllr 11f,04' fif 1114. e'anl'l IPMr. indfi('atedf tliat adequitate' iiiitrills oin tec'hniquie
in this table, nofne of e'it her the( ir.,t or second and envirilliileit we're not maintainedl in this
gromps oft ,ontrbl animals ulje'd. -4)ne animals in l3aritfir.
tIK thirdi Mint ill groupll 1-11'11l11(41 With 1.5 nil The re~'rii'aI- of the resjsrnse timies were
4 t i ns plus nima I hi r~e serm re'-~5)11 I'. usc'. fore a nalvki, b'c'ause recipril ical rc'sJ Nv

nearly the same m- ti-A aimail,~ i-hall.'ug'cl Ivith t imes arn, neiiixr normally i-trihiited wiitht equal
1.5 ml oft timins. Theii i'an ri'-psmn-' ties in varianie"', whe'i':ss.. tlk' untrain-foii'li rvsjn-4
i!iute-. fit thI q l~'4-iiltro i anilmak by l oiv nintr:a- time's are s -i t ively i'kewec I with unequal vari-

fion (if Iiixins arc' mo'tciied in Table 5.1,I41. liat te'fl allic- (l iney, .195b). 1The analysis of variance (in

off responsesb ite e'.ittrol- prolVill fi'iile 4410 the( r'cipimn'al n'ixmfls times of 120 rat.s fromi the
z.itir:nve thait the n'slmsu tit the te'st Iuimia?-i hoiur highes't i nc'nt rat ii anti the five doses is

wtIS sjec'ifii'ally to) thei ttixinl tit B. mithleri . shemwn in 'I able 6. Frm this analysis it was -'en
In spite of( i'ansfully ei'otmll I lrH'il-hri' andI that Imith clo-q level and e'oni'entration hadl

tec'hniquesa, the results fromi 4)11 lalirmitiini -i .11 ti'll-y siginifil'aM~ e'ffec(ts oin the reslomse
(tee'hnie'ian 4) wm'r mo i'rratir that th1ey were timeic of Fi.-cher rat-4 itijeCt(4l intravenously with
disregardled in an.v further aiialv,'is. Iii~js'itiin anthirax toxis.
tif thotse da~ta shOWed1 that ter'hnie'an 4 was the Thel( analYsis further showedl an interaction
o~nly one having iever-al oif results4; i.e., a gre'ate'r lu'twetN'n tilose andi vientnrat ion' to be statisti-

* nmuift (if teedn- mot killit nti liel"ser anliiunt,4 i'lly signiieant. T1he im'an fl'sslsc.' timie, by lose
killing. or only~ oine of the two) te'st anlimlal re- anti cwn''lttioii of tox~in. art ie nTbe5

ijildifg (extcept at disvs elii'iling a fl"'pon"- Fni the tabledl means, it canl be se'en that the
Motiive W(1 m~in). Tli'sc ex~tremelcly varlilile' re'sults magntituile of this interaction is slight andi had4

ho prac'tical significanc'e in the further analysis
TBE.Menrf"Plonxe litl 6 ((t0i'll11 andi inte'rpiretatieon oit the's'e fata.ini-
T con6.lcenaions o toxi s The analp-is also showed a stat L'ticallv sigii

ctant diffe'rence amiong technicians. JnslA'ctieon of
I DOWe (ml, the data showed that mevan resli1Ls( times for all

Of losun Mea ('c1ttnl" rats ri'spondfiing for tec'hnicians 1, 2, anti1 3 were,
1 1 '.S 1 11-4 re-qfeectiey, 7.4, K3, and S3 mini. This is a pine-

----- - I-- - - -- -- -- tiorally uniilmirtanlt diffemnne which we be'lieve

4X .57.5 5j3.5 59.0t 62.3 75-C 0'W). 7 Ii10 may in Im'lrt lie dueI to) ei'ninental factors,
2X 55.2 W0.7 W4.4 75.21W5l.1 69.0 70.0 berause gene'tie differences would be almost nil
IX 61 .3 74.1 85.1 88.1 -I1W8-7 8M.3 1W. 0 after IM( gene'rations fit ibreoding. The rats
0..SX .74.4 121.6 136.3 217.1) St 151-:1 151.0 itsed by technician I came fromn the Wlall colony,

Mea fi.3 0.378. S9 4 43.5 9.3which was manintaineed in a dliffe'rent environment
Me~s *~ .370.378. Hi. 4 13. Ii .3than lte lein voliinv animals 11.ed by the other

Control wmte 1.5 til] of toxins ptlus imral horse two ti'111)iais. 'l'lifs raised the question as5 to
serum, the effe'ct oin this assay eif Fisc'her rats procured

t All animals survived, fromt ioii-De'trii'k %oitrees.'lTo eamine this effect,
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TABi.E 7. Rciponse tinies in iniitte bg supplier, of the toxins wi. ha~d isie stmredl fir :;n, t
operntors, andi rots -h test val wao tei'on-tit ted with 1t) mil of

CharfrsRi~'rrtrijple.(hstilledl water S'*.ix rats wer then rial-
Blreeding Laq. It cwobooccal leneul with thee' reTOP.titiateul Moi -: moring

Ra.t In. fAc~r,- to the p~rotocol dIis.'rilsd iithis papesr.
1* 2 FThe estimate fof pottency from that test was 32.4

______________ ________ ' x ptency units pter nil at the. I X emn.'etrat ion.
87 This was essntiaulv idi-ntival to) the :V units pter

1 K3 87 91 1 ni e p 85i' eii
2 814 84 84 8!.1 .nleupi the definition. 1 lereftoe, it was

.1cie ta lo referenve' to~xin- hadl not
4 8:3 82 88 j85) chntged with resJiect to) potency u11l'ina 311mnths-
5 91; 84 jt89 9j2 of storage.
6 87 89' 88 S4 Dcrlopim Pit of /)rms~urIn for i/jr td ,ussmn,

i94 88 m0 101 iulo.Ajtte -u huib'~ o is
8 88 8:3 92 87 expresmed in termis oif we'll-dlefinied unit -. No sitdi
9) 87 W 102H units have as yet been dlefite.! for anthrax toxis.

10 91 86 77 8
11 10577 87 Varying the aniint of ioxins by varying eithEr
12 ~ ~ 8 93 ose Or i'on.vktraitimi ivilul hauve a inifvn

12 94 875 90 0 eff(4ct On the reS-pOW.4 titan' Of ra.tS;. lPAVe-er, rats
14 90 81 91 88 iiict'l illt' 1 fil of tioxil's ,'out1itra i fit 2 x
i5 98 81 91 8. re~spioded in about lhe :-awv time 75,mii) a.
1,; 91 I85 77 ) rats injected with 2 ml of toxin, cintV!trat4I at
17 82 8:3 97 89 1 X (74 min), This relatioinshipi hi.ldl tnue for
18 90 879 89) 88 moist Otherdo-b-m etrto 'naitos
19 8.3 j85 18-2 75 for which the producet of these' two, fat-is ia
210 88 831 1N) W,

Hlarmonic 89.28 I84.10 89.54) 88.42 constant. If ulo'- are oI'1%erttil illtO 0.5-1 1
I units, and roncentratimias inito OAK256 unints, thten

remponse Ithe doses andl eoiicelt rat iiis in T.al.!c 4 can lie
time Iexpressel a shownI in Tale S.

The jiroihiets of th- nmrginal iinlers in
Operator number. ~Table 8 for any two eijuivl.t.oeIycn

cetntrat ion combinations are the same: thuts, the

COmmnerciallv availahle Fis-her rats Obtainedl from iprtict Of two) d o.4 imnits an 311:2 .. .nen.trat ion
twobreder wee estd :ttq fondto w sitale unit., gives 64 total 1114ency limit- #if toxins.

twobreflewer tetedan fndt be.. suiabl Siiary fulos- tunits Of 16 vism-nitration

for hs -Nny -ntisalu~st~~ unit., also) ceoatain 64 total potency uinit- of toxins.from ea oif two suipplier. (Microbif..ogica We define the JIoten.vy unit of anthrax toxins to
AsmiatsInc., Bethesda, Mdlu.; and Charles bie expressed as these: products oIf foev ly conl-

- - - ~~~River Breedingm Laboratoiries, -Ine., Brookline, cettion orf th -Priular I~ f' to t. )
~.Ias.)werecbalcne.I n ech f tw hdra- if we were to carry the defini lion 4 a jsotenrcv

tories. The resjponse tines4 Or all SO) rats4 are itnfutrheImloIXcoetain
reiwirtedl in Tab~le 7. No, statistically significant Uni nP funthrx thein I nl fI oX ri t actial
difference in times Of response for zGnirnual. from o n nha oil eaols#fi-nta

the two suippliers was Ohmerved. A difference efetinaia #,1ue h.m~ 3 wti(yuis
between the two opierators and the interaction Of1 T..% S. Derit-otio,, qf po~t#,,c j f.' of
operator IX supplier was statist ivally significant fin ro toxrins
at the .5t levl. T[le mean reslion-4 t ime Of three _________________________________

r ~~~~~~of the four groups diuffered lby less than I mil. Cm ftxn n 1s ft~n n m nt
and the foturth group differed by approximately o~l 5, fton . luie
5 nin. Ibis- dlifference o)f almo'ut* 5 main between tnt
these two) grolaja couild ho- cauised by a itlifferenre- -------

of abount -even un1its of toxins, which is- well 1'4 512 21si vo', I2 64 i
within the 95' ; conifivvnce limits oif ant estimatedl 32 25f; iL 1 ! It ; 1
15teney. Ti1us, thi,; flifferene. althbough stat isti. 11 128 64* 4S. 32 Mn

-iey Anifivant, was- onsid..redl of no eon.sequteflce 8 1-I :Q2 14 i
ealv hi ~4 :32 If- Sn 1

conci'ring" 2 if a; 14
A test to) determnine the storage characterist ues 1 8 I t 2 1

of the refe-rence toxins was conducted on it vial________________________________
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Tos, t:iti'l.it-Iizs :1 liH115'11y tutu I, iti .IIvsarto i RESPONSE

Ilitils, L. 141~ I~t'15Y 1111 t5rins of -I Ibio ligittl RECIP MIN.
2.0 -50.5

I'll' 1)(11 Ie to IIik, imi jtiitl lot of :ithlrax Isixitis.
ibs ts.ts~sv~r si It., ailof sixtisIIIIV en 1.8 55.5

lit. iiiieattti'l Ih sIn.tin i rspslut. it) a 1.6 62.5
knu-nIi, t iIi It i~f I I ws's Iet tsxitts wvi thI e It-sjitse
to I lit, stItucI (is nu f t.1t reference toxinls. 1.4 71.4

as fil III slseresiilnse relatijonshtip whenl iezsured
u i'e f these4 ILxiiIS. we * iIjectedl ifltiZvefolO y 8.0 100.0

into. iselter 3414 rats. The1 challenged rats re- . 2.
sl)xitised byv slin4g at a I into thzat in showni here to . 2.

lx. highly dlependent onl tile udose ile-&isrcd ill .6 166.7

Thti reatresiont (of it-iea reeiprixal respo.nse 25
tiliK's fil thle log:t! of the lpotencvy units of anthrax .2 50
toxin., is shown inl Fig. I. The least squares line50
has t ie eqjuat ison 0 2 4 S IS 32 6 122511 II 2

ba h + b1X + b 2V (1) POTENy UmtY.
Fti. L Regression of reciprocal response time of

when'e V i- h Iiifli reiiptocal resiwotts4! timte, X Fischer rain on log done of anlarox toxins expressed
is the~Ib ,ls'y o~f :itiirax toxin,. ill log2 uit.t;, -III(i in potency unitsR.
tile 1) Value1s ql-L rpgrrssioll soeflicietits computed
fronm the da oft this test. 1I'lx value%- of the intravenouely inoculatedl, three with 2 ml of the
coefficient,%. their varianees and covariines, tet toxins, and three with I nil.
are: 6. = -2.591 ; bi - 0.959; bi - -0.051: The test i6 based on lte mean reciprocal
V0.0, = 01.077121; 1*(bt) - 0.009514; 1'(b)) response times (if the rats. (The rat responsei- s
0.00()008: V(lioi.,) = -00269; V(bob:) = very uniformn; thus, any observed nlonrest5ponlse
0.002238; 1*(blbl) = -0.01)0800. This regression must be conscidered thle result of technique at some
lilt( relirt'sentsl :1 hasis upton whus'h comtparisons stage of the aussayv iwoedure.) 'rhis is simply the
(if po~tncy sif *iithitix tsoxiiis ean lie nttlie. Thus-, sumt of reciproc'al tinies-to-itlaath of lte rats in
test toxins still hst'aisavesl either indirectly against mninutes (100/t) witht the average time c-alculated.
this curve. or directly witht Ivirallel assays of the The reciprocal response tilnes of the rats can be
reference toxins. put in thle following form:

Dcz'lopinnin #If ,.roredusres for indirect ff56G Reference Toxins
,ncllaod. To use lils- rei'onses of 120 rats to the Y = 100/t
referenre toxins [for which the slope of response1 l2m
fro the regre-si data (Fig. 1) has been I~- I. - 4.m
4uitedjI, we iveomimenal use of the indirect Hat 2.
niethodl for stanidardizing uinknown riotencies, of 3. - I. ____

atnthratx toxins. *I'll( regression wz,-s nearly linear =Y ZY ____

for doses from 16 to 128 units, corresiloniding to R, R2R
response Itne from 240 to 65 mini. Thus, al- R, + R2 ___

though thle 1sons~entration of test or unknownTetoin
toxins is arbitratry, it should lie of suchl concentra- Y WWI:l
tion that 1 1.11. itnjectedi intravenously, will kill a I Ml 2 nml
F.ishler rait in, lot less thin 65 mitn, ntor more than 1. 4.
240 min. Rat 2. 5.__

To test thle itecy oif test o~r uniknown toxins, 3.......... 6.

Huisigh1 nias shoild( Ile' -.se1 so Ihat, tile amount =

O~f Variatio~n inl the' finail result, that can he at- TT
I I'iI)Iesl~ it, thes' test ralts, is at leatt io grenter than T, + T2 -

ths' atuslint itt Variation cont ributed by the where Rif R2, TI, and T2 are mean reciprocal
standsardl T hs. i'it aIist six Fischer rats of response tiniel. This form for calculation can be
200K t.oo 0 fustuui1 a suitablle sitlony shouxld tie usedl for ciiher the (lirect or indirect assay method.
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The estinmate of Cie difference in potency (D) between thle test and the reference. The variance
between the test toxins and the reference can be of the estimate D will depend on the variances of
found as: the observed response times and of ft(e regression.

If we express D as XIG where
DW:(2) X (T + T:)-(R, +kR) (6)

2L
and

wheiv the letters 1T andl I represent the mean
reciprocal response- times from the table above, G' 2 L
and L is the aiverdge slope- of the reference dlose-

reso IPs cuveat tile two (lose levels ue in the the it variance of D can be expres.sed as:
test. This average slope may be calculated as: - -~

V(D) - lV(X) + b2fl(G): (7
L - b, + b2 (XI +Xt:) (3)

which wiill applv, because X and G an- estimated
where X, and X2 are the dose levels of the refer- fromt independent observations (Finney, 1952).
ence toxin-, (in log,. potency. units) that were used -fi'fu enrcpoa ewn~ iw are

ithe test, and b, and b2 are the estmesoth stoehasticl3 inidependenit; thus, fte estimate of
regression eoethicients from equat ion I.* When the* VNN) can l' expressed a,:
test is run using I- andl 2-mI (loses of toxins, then
X, = 5 and X2 - 6. Under these condlitions R, - 1'(N) - '(Ri) + 1*(R 2) + 1"(TI) + 1*(T2.) (8)
0.92, R2 - 1.:s4 from equat ion 1, and L - 0.3985 wer T)an V()aeotind ircl
from equation 3, so that equation 2 becomes: frmte da(ta ft et and 1'(R2 ) anivld Vrec)l

D-(T, +a TO2 - 2.26 are calculatetl from fte regression line a,:
0.7970 ~V(R.) -V(Y) + (Xi-S~ ~ 1

where the letter D) represet th mut f+',~-S) (b2) (9)
difference between the test and reference toxins in
terms of logi potency unit,;. If D is poisitive, The variance of 6 is given by the equation:
then the test toxins art, more potent than the '(G) - (bl) +( 1 +. 2

2 ~ 2
reference, whereas, if D is negative, the test toxins
are less potent than the reference. The reference + (Xl + X0) I0b1P) I (10)
toxins have a poteney of 5 log.. units per nil at a henteesisrnidg-ad2nldos
concentration of I X; thus. the potency (IP) of of toxins, then X1 5 Sand X2 =6. Under these-
the test to;xinq in log:. units at the concentration conditions:
tested will .hm found as:

Y(R,) -0.013U, 1*(k 2) 0.0018l

and
-. - - -To find the number of ptotency units per mil of

the test toxins, its potency needs to be converted (' 0.3
from log2 units to log, units4. The conversion eth:
formula is:

loglo P -log,. P log, 2 J(DM R- 1 1(V) + 0.0.3551)21 (11)

The value of 11 in units is found by looking upi the and:
antilog of this prodluct. This value willI be thet

numer of potency units per milliliter of the I'(X) -0.0134 0.)1
test toxins at the concentration tested. +_(T) TO' (12)

Estimnation of vrance. There is variation in-+ +I
herent in this as;say system in addition to tile Exappil4c. A samplle of toxins of unknown Ix)

vaitinbtween samnples of toxins. Thus, thle tenev was tsted in tslaoaor.I was known
single (stimautes of th- po~tency of any lrarticular to kill l'i-4her rats' in slightly more than 90 mini
sample of anl unknown toxin sho. uld Im- hounded when ineted! intravenously in lo.ws of I nil at a1
by cohfldent limits. To determine these limits it is concentraion oif -1 X. The nslslnw oif the uil-
nece-ssary to calculate thet variance( (1') of the known toxins. wvas comiparedl with thet , Ix ,s
estimate D of the log2 oIf ft(e difference in ptotency curve describedl bY e.quat ion 1. CA4.h of three
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11-laier rat-wa :i j~iiaveI wiut I till ofE the~ e-f -.i% reveillirowal r#-Iwprj-* lain-, ivalmn. aIll T'1 :ait,
loixiii.. :awl. their roiiriMal rv -e-~IE ti,1,- is T:! iwort' *evidlateiol. ( irre..iiitfieitii v~atie"' ..f I."
1114 ilt1e1- '.rre *riole it. lel ( Nl '. 2). rlie * athir :silal k wi-re f ?ipf-ino o w t h aIlet* r -'. liitc* b%

Fi-..er raft - re iva.ie injerI44 I i lit II IlI% is wi III mizI,-titiitiu. re-Im-tivoely. the :alur- ) :#fill f; feor

2 fill f f I Ill - t to.- I xi I).. 'I'li -i r rolli are W 14'1 1- 4 ii - X ill o414i tI IiI I 'Ilile %*'aliif.o L4 1 . I!,& eilvitlla Iei
lii uile iIki reiirimloi (Fia. 2). Frosat fill -4 froefiti i vji t, : 3 hy ii-c' cof the vaheie 5 :ad #; foar

Reference Toxin Test Toxin

y: zlO0/t y: -l00/t

lint. 2m. m. 2mfn1.
-- 1.39 1.67 bo2-2.5912

Rat__2 Ra 2 1.25 1.56 b, z .9592
~~~~1.15 1.5_b___-__51

3 -23

_______ yv 3.79 4.82

R :, 0.92- 1.34 _- , -1 .26 1.61 V Ibd: z .07712080

R s 2.26 T1. T _- 2.87 V(bl) z .00951355

If a1  ~4.8171 7.7506 V(b 2 )_ .00006804

V(R 1) .0134 .0018 v TI) .0048 .0011 Vtblb2)z -. 000800

L b I ,b 2a x I )

5 1 6 (1~ 1 + IfK2 121

b Z0.9592

YX221050 I T 2 )-RI+R2 2.87 - 2.26 0.78
L 0.3985 Of-2: 0.7970

2L 0.7970 H : 0. 6084'
2L 0.6352 LogP:- 5 Oz0: 5

LogLog P: 0 301a jj78 - 1.74 P=Ii~iF

V(G): 4 {V(bI + (%I+ x2) V(b2 ) #E, ax+2 ) V( b~bal}005

0.0211
V(N)m V(R)t V(R2 ) +V(T 1 ) V(T,)-_______

V(D)-L 2  {V(N) * D v (G)} 0.0672

Sk(D)--0.26

ULC):-13 - Log 10UL(P): 1.90 UL(P): 9.

A Dz0.26 Log 10 L1(P)- 1.58 LLPz 38.0

Ego;. 2. u.k.1 t., f,,,, e hh h ('.r 00diOPvyifll .
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